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(;oIII])act,  gIoII])s  of galaxies a])]) car to ])c extren]c]y <1(’IIsc, IIlakil)g  t,]]e]]]

likely sih of il)tmlsc  galaxy  il]tcractiol), wl)ilc  tllcir s]llall  ]J()])ulatio])s  IIlakc

fll(’]]]  refa(ively silll])lr to allalyy,e. 11) or(icr t o  search  for o]) f,icat il)twac.fiol)

trac{:rs S[lCII a s  diflus(~ligllt  al)tl gala.xj~ ti(lal  f(,aturm ill IIicks{)l)  c,c)lnl)act,  grou])s

(ll(~(;s), wc carrid out  dq) ])llotjomrt,r,y i]] t,lllw filt,crs 011 a  sti]lll)lc  o f  11(:(;s

wifll  lto, $’A’/”  ol)s(~~vil(io]ls. Ilsillg a  ]]]odcli]]g  ]Jrocdur(~  t o  sul)t, ract tllc Iigl)t

of l)rigl)ff carl,y-fl,yf)r ~dlaxi(>s, W(, fol]]l(j S] IC1l Syst, ell)s  a n d  (’xt(:ll(ld Cvlv(:lo])es

arollll<] Illall,y, I)utl llotf a l l ,  of tllosc gala xi(:s. Willl fllc (xc(q) tioll of t,lleextrellle

gl’ou]) 11(:(; 9 4  (w]li~[l i s  t,llf, OII]y gIOUp ill tile sa,lll])le to have dif~use ligllf  in

I)ct!wml  t!ll(’ ])1’(’s01(=[:  o f  tll(’sc

IIctltl(’r l)le(li(-tors  of d(:t(ctal)lc

and lwlol)gill~, to a larg(’r  g a l a x y

Yvitll o])lical (Iisturl)al)ccs ill tile

gml]])  ~alaxim. ‘1’wo c]li])t, jca] galaxim t h a t  ar( f’xtrclllcl,y  cjl)tically lull)illolls

l)llt X-l’il)r fililll  :11’(’ follll(l  t o  llilV(’ SllCllSilll(l  VC1’s  CO1ll])I(’X (’0101” SflUC.tlllTS. ‘1’I)is

is lik(’ly (111(1  to rm(’l)t, illfa.11  of gas-ric]l  Inatcrial  into tlIc ga lax ies ,  wllicll  would

]) I()(IIIc(  l)otll  tll)(’ (Iisr{l])tioll  of  stel lar orl)its all(l a significalltj  allloullt of star

forl]lafiol).”

,$v/)<jrc/  ltf(l(li~lg<s:  galaxiw: clusters:  individual galaxies:  illtcractiolls
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1. lntrocluct,ion

(~ol)l])act  grou])s  ])rovidr  iclcal lal)oratorios for st lldyill~  galaxy -g;a]axy illt(’rac.tiolls.

Not  OIlly caIi tl~eir a])])arc]~(, (Icllsitics CXCCMI tllc val~im S(:C]I ill t,]Ic COICS of ric]l c][lst,crs

o f  galaxi(w,  I)lit their sl]lall  ])()])lllatio)ls (less  tlla]] 10 brig]]t  g a l a x i e s  ]m grou]))  make al)

alla],ysis  o f ’  t,i(la] fratllrm :~]~tl (Iif[’llse ol)tiral ]i~]lt, II~I]t]I siln])]rr t]lall  ill c]llsl(~rs. IIickso]]

(1982) iclcl,tifi{:cl  a sa,,q,lc ,Jf 1 0 0  co*n],act grollps  wit]) Well-defi])ecl  critmia of c.o~]lpact,*lcss,

lllm)]lmslli]), and isolatio]l  fro])] otl)m galaxi(’s. sll~)M!(]LICl)t, rc(lsllift,  Ill(:asLII(:lnc!llts o f

]Iicksoll  colll])ac( groll])  (]](;(; ) ]I]clIlbcL’ ga]axirs foullc] that ll]osl ]](~(~s arc colll~)risd o f

gdaxics al sill]ilar ve loc i t i es  (Ilickswl c1 al. 1992),  illll)lyill{; tl)at tll(’y arc ma] l)llysical

mltfitim ral,llrr t,ltall cllat)c(’  s~l])(’l])c)sitic)lls 011 tllc sk,y,

If a colllpact grollp  is g;ravitationa]ly }JoulId,  tllc]]  tlIc clos( ])roxil]]itly  of its g a l a x i e s

slIolIl(l  ])roducc stro]lg i]lteractiolls  hctlwm]i trllcm]. ‘J’idal fmtures should  apl)car quick[y

ill 11(1(; s sil)ce  tllry IIavc a l~lc(liall crossi]lg  tilllc o f  o]]]y O.(ll(il/~ J (llicksoll d a l .  1992).

1+’llltlt(llllol(, colltill~ld illtrractiolls are l ikely to lrad  to diffuse oj)tica] light ill IIIC grouI)

])ot,(,lltial  (({IIc to stars Ilcj lol~gcr l)oultd to a ])articular g a l a x y )  all(l ll)crg(:rs  of t]]{: lnmnbcr

g a l a x i e s .  Sifllulatiot)s ])rdict lllat a ty])ical  ll(~(; will coIn])lctclj’ ]Ilcrgc  wit,llin 109 y e a r s

(Ma]])o]l  1 9 8 7 ,  IIar]]cs  1989), alllIoIIglI  soIIlc  IIavc argud that tl]c p a u c i t y  o f  ])rohablc

Incrgcr rr]l]llalltjs  ill Il(;(is requir(s tlllat tlhc ]Ilcrgcr tilnrmalc h a t  l e a s t  4  (;yr (Zcpf &

Wllitlllor( I 991) .  ‘1’IILIs, a salll])lc  of lI(;Gs shou]d  find groups  ill all stages of the m e r g i n g

])roccss, fro]]) tlllc i]litial ti(lal  illleractio]]s  to tllc final coalcscc]lcc o f  tllc ]I]cmtJm  .galaxics.

S[~arcllcs  for signs  o f  g a l a x y  interactions ill }1 (~(~s }lavc  used IIlally  diffcrcllt lncthods

a]i(l wav(’l)a])(ls.  X-r;i.y ctllissiol)  silllilar to tlliit scml in c lus ters  0( g a l a x i e s  h a s  t~cml folllld

ill s(jlll(’ ll(!(; s llsill~ tllc l{(),~Ar/’ A1l-Sk,y SI]rv(,y (l;l)elil~g,  Vog(s, & IIbllringm 1994)

:is w(*II as l)oilltml  (~l)s[>[\~zltifJlls  wit,}] tllc I / ( ) ,  $ A ’ / ’  l) S1)(; (I)ildis, l)rcgmal~,  &, l+;vrard

I {)<)b, :111(] r(.f[r(ll(cs t ]Ifl(ill).  ‘1’1)( ])rcscnce {Jf ]]01 g a s  ill a  grolll)’s  ])ot,c]ltial  ilnp]ics tllatf
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tilt’  gro~l]) i s  gta~itatiol);illy  I)o[llld,  al)d t,lllls that, tl)t’ galaxim ar( illtcractlil)g  w i t h  OI]C

1allot, )(11’. Sill]ilarl)~, 111 IIla])]jing  h a s  slIow Il t]lat, soIl]f: ll(~(;s llav(~ Itf’lltral  ll,ydroge]] ill

Cloll(]s ellcolll])assit]g  tl)(’ clltirc grou]) (Sllostak, Slllliva]], & /\llcI) 1<)84; Williall)s  &  vail

(;orko]]l  198S;  \4tillia~l~s, McMallon, &  VaII (;o[ko~l]  1!191 ) .  ov(’]a l], II(T(;s arc III dcficicl)t

a s  colll])arr(l to I(J(H(I grollps  with silllilar g a l a x y  po])ulatiol)s, inl])lyillg tllatl fl(;~~s  arc

])llysically (I(IIISIJ (Will ial]ls  S), l{ood 1987). ll)dividual g a l a x i e s  ill (Ilese  grou])s  IIave I)cen

(’xall]il]ml  ill tllc illfrarc(l  al)d ra{[io  colltil)lllllll to fi]l(l signs  o f  ill(l(~ascd  s t a r  forlllatiol~  or

Iloll-t)llerlllal  activity that) would illl])ly  l)ast  illtcracti(llls, wit,]) (Iis])ut,r{i resul t s  (Mcu)o]l &,

IIickso]l 1985,  IIicksol]  rt, al. 1989,  MC]IOD 1{)91 ,  Su]clttic k, l)c M(llo l{al)aq.a  1993,  Moles

(’t al. 1 994).

l’rcvious o])tical  work , l i k e  tlic illfrar(xl  and radic) collti)lu[ltll  ol)scrvatjiolls,  has

(oll(’(~lltlr;ltjf~(l  o]] tl~(’ ill(livi(lllal  g a l a x i e s . ‘1’llc early -ty]w galaxies ill lICGS have he])

sllrvcye(l f o r  signs  of rc[(’l]tj illt)eractfiol~ or  IIlcrging  since nlmgc~r mi~llal~ts  arc cx])cctd

to I)(J (’lli])ticill  galaxi(’s  willll al.)IlorIIIallJ~  l)II1[J c o l o r s  ;illd dist~lrl)(d  iso])llotes. ‘1’lle rmultjs

w(~r(~ sllrl)risillg: Ilot ()]lly arc tllcrc very few 11(; [; elliptlica]s  willl  colors indicating rec(~llt

Iorlllat,ioll” (Zc])l, \Vllitlllor(’, k? ]Jevisol)  1991 ) ,  l)llt  tll(ir lll(~ll)ll{)l(j[\ics i]ll])ly  o]]ly IIloderatc

illllolll)t  S of” illt(~ra(tioll  al)(l litjtl(’, if ally, p r e v i o u s  m(rgil)g (I]ett,olli k~ l“asano 19{13,  Yjc])f

I !){];;, %epf & Wllitlllorc 1993,  l~asano & IMt oni lW !). Mor])}lologica]  a n d  k i n e m a t i c a l

stll(lim of Iat, (’-l yl)c galaxim,  llowevCr, ])rovi(lc  cviclmlcc  for illt(ractiolls in a lnajority o f

ll(;(; s (I{llljill, Illlllter, & l“ord 1 9 ( 1 1 ,  Melldcs  dc Olil[:ira & IIicksol) 1994), wllilc  sttldim

of ill(livi(lual  (olll])act gro[l])s  (I{ul)ill,  IIllllter, & l~or(l 1990~ (Jruelld] ct. a l .  1!1$)3,  ]Jollgo  Ct

a l .  1!)!)4) snow sigllifi(alltl  interact,  io]ls I)etwecll  tllc II IcIl]l)er g,alaxi(’s.  While t,llc e l l i p t i c a l

reslllls )ll:iy sml~ to colltjradict tlI(: otj}i(:r s tudies ,  they arc a c t u a l l y  ill IIarlnol]y:  abullda,llt

(’vi(l(’llc(’  (~xists tl]at tllc g a l a x i e s  ill ll(;(~s ar(’ illtma(tling; 111(’r(’  is little sign, IIowevcr,  of

tllc (’lli])tic;ils I)cil]g IIlcrger  l)rodllct)s.
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ollr first ,  ]Jalj(r (1’ildis, IIregtllal], &  l;vrard 1 9 9 . 1 ,  ltrmaftcr 1’111’;)  dmcribd t,)J[J

//(),$A’/’ 1’S1’(! {)l)s(’rvat,iolls of our samp]c, wllicll  consists of 12 ll(~(; s ])Ius tl)e  N(;(; 2 3 0 0

groll ]). W( follll(l t h a t  s of tll(’ 13 grou})s  l)avf’ CJxtjc>llfl(xl  X- ItLy c])lissioll, and o f  t,l)osc,  4

IIav(  ct))issiol)  tlIat i s  rcsol~’c(l ill(() se])aratc galaxy 2111(1  difll]sc  ~,roll]) cc)]ltril)l]tic)]ls  (lICG

6 2 ,  6 s ,  al]([ !~7, aII(i  tl]c N(; (l 2300 groul)).  A]]]ong  ot])rr rmults, We fo[llld that tllc ~)rcscIIcc

of CX1(’II(I(J(I  X- I:Iy clllissioll is  strfjllgl.y correlatd wit]] the fractioli o f  carl,y-tl,yl)e galaxim ill

tllr ~ro[l]): 7 of 8 ~roll])s with extelldml e m i s s i o n  IIavc sl)iral  fractions of 1{:ss t,llall .50(x) a]ld

7  of S ~rotl])s witlll s])iral  fract,iolis  o f  ulldcr  50°6 l)av( cxtc]l(lcd c][)issio]]  (ill eaclI of t,llmc

casrs, tllc 01)( cx((’})tioll i s  WC]] Illldmstood SC(J l’1ll; ).

I’aral](’l  t o  illesc X-r/Iy ol)s[rvatiolls, wc Illldcrto[)k  cIw]), II]ultico]or illlagillg o f  this

siil])])lr  of collll)act  grou])s  ill Order t o  scarcll f o r  diffusr  oIjtic;il light, lllissd ill tltc prwvio[ls

stll(li(w ll)iit (ollc(’lltltlte(l  ()]) illtlividual  g a l a x i e s . 0111 goal was to find ally 10W’ surfac.c

l)ri~llll](ss  or (xt(’ll(lecl  featllr(w  t IIat wou](l illclicatr a Ilistlory o f  galax~’-ga]axy  i)lteractioll,

a)i(l to (1(’t($rlllillc if tlllc I)rmcllcc of tl)mc features is corrclatj(xl  w i t h  grou}) X-ra,y clllissic)ll.

\~l($  Ilav( ~)l~sf.,v~~l ]~ of {,],c. 1~~ g,olll~s ill OU] X-ray saIII])]c  (]](;{J  4 4  i s  t,llc ollc  excx:l)tiol]),

N of (,11(’11)  })llotc)lt](’t,[ically  (see  ‘J’ab]e 1- t}lro{lg}tout,  1 ltis ~m]~er, w’(’ aSSlllll C ]][)= 5(] kln S– ]

M])c- 1). Smtioll 2 (Imcrilm our olmrvatio]ls aI)d tll( initial rdll(tiol~ of tllc data, while  $3

cx])lail)s IIOW wc allalyzml  1,1 Ic illlagm  t h u s  cmatd. ‘1’1)[: rmlllts arc ])r(smltd ill $4 a n d  tjlle

illll)li(at,iolls o f  tllosf’  reslllts arr discussd ill 55.

2 . Observat ions  and  In i t ia l  Reduct ion

A l l  f)lwmvatiolls  were IIIa(lc wit]]  tlIc 2.411)  IIiltll(r tdesco]w at h4iclliga11- l)artllloL1tl]-

k4.1.’l’. (h41)L4 )  olwmvatol,y 0]1 l<itt I’Cal{, A r i z o n a ,  ill ]{)93  aJI(] 1994. ])etai]s of t]]e

il)(livi(lual  olwrvi]lg runs  arc givml i]) ‘1’ah]c 2. Not( that our si]lglr s])ri])g ruI] w a s

I)ot]-])llotolll(’t,li(, <iltd ollr  sem]td  f a l l  r[ll) uscx] a  diff’em)t  filt(r set tllal)  tll)e first. ‘J’lle twc)
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(1(;1)s l]sfd  wrrc a  l,oral fr(}])(,-illl]]lli]]atecl  cl]i]) w i t h  ?0482  15~/J]]  ]Jixrls (wllidl WC l~i])]]cxl

2 x  2) all(l a ‘1’(’ktrollix I)ilck-illlll)lillat{:cl  (;(;1) wit]] 1(124Z 24~1]n }>ixrls. ‘1’1)(’ Icsllltillgpixcl

sca](’s  are ().;14” ])ix(’l- 1 al]d ().27~J”  ])ixe” 1, rcs~)ectiv(,]y.

(~;llil)l’il.lio~ls for 111(’  t~’() })l)ollollletlrjc  rlllls  Wc’r(’llladc  using  ol)scrvatiolls ofstal)dard

stars fro]]] l,al)dolt (19!)2)  aIId t,llc standard Kitt l’ea,k ainnass co[:fficicllts. A l l  lnagl~itudm

all(] C[)1OH W(’J’(> mrr(’d(d for (;a]act,ic (:xt,inclion  usi]lg t]Ic  va]ucs  (,ahu]at,  cd ill NI; l).2

N o  correctiol]s f o r  (Jxtil]ctio]l illt,mla] to t]le  illdividua]  ga.]axirs  ]Iavr  ])CC]I attmnphd;

t h i s  s h o u l d  IIotj il)trmluce ally sigl)ific.allt  errors sillcc Inost, of 11)(’ ~,alaxim  of illt,crmt arc

(’lli])ticals. II] additlioll,  wc l]avc ]I)ade ])0 K  comctlio]ls. (hlors aw accllratc to ~().04

Illagllitlldm,  while  tlllc e r r o r  ill t,l Ic zero poilltl ral]gm  {roll) wO.04 I)]ag ill l) t o  w().01 ]]lag

ill 1. ‘1’l)r MI)M filt,(rsrt,, wllilcca]il)ratd to tljeJo]lllso]l-]~1’oil” (!ousi]ls systcIII, ]las soInc

s]]]all variatliolls,  111 ]Jarticlllar, the 11 filtlm l)as a sharlwr ml dge tllall  tjll(: stjalldard  sllap(:

ill (Jr(l(’r to se]]arat{>  1) and V all{] 1,1]11s get l~ctjt(:r co]o] illforll]atioll f(~] g a l a x i e s .  ‘1’l)c 1 f i l t e r

i s  a  low-])ass  f i l t e r ,  so its 11(’t rm])ollsr dr])cllds  011 (,11(’ (~(~1) 1(XI rcs])olls(’.

I’;acll fi(ld was  cxl)oscd f o r  3 0 0  s e c o n d s  i]] all filt(rs usd fo] (IIC ruII. Sillcc tllc (~Cl)s

IIS(J(I l)avc  fiel{ls  of view of OIIly [)’ while  tllle groul)s  i]) this sal]]])lc  nave  d i a m e t e r s  of up to

] ( ) ’ ,  W(’Of[S(’t (’a(’]1 }K)illtill~Of  t]lr k] CSCO]JCSo  tl)al C\’Cl~~)alt Of tll(’~loll]) was C.ov(:rd  by

a{ I(ast 011( ]milltillg, aIId tllatl illt(~rcstillgat(<ls ( e . g . , t i d a l  fcaturxs, stic]ls, cmtcrof tlw

gIxJIIl)) lIiI(l total exI)osIIIc tillles ill cacll  filterof a t  ]c:ist, 900  secoIIds.  II I  additio]), for oar]]

“I’])( NASA/  11’A(; ]txtragalac,tic l)at,al)ase  (Nltl))  i s  o])cratc(l l)y t])e  J e t  l’ropulsio]]

IJal)ortitory, (~iilif  ()llliall~stit,  Llt{()fr l'ccllll[)l()gy,[ll~ clel(c)ll t,ract\\'itl ItllcNati(~1lal Amwllalltics

all(l S])acc A(]lllillist,riit,io]l.
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Aftm (]1(’  OVCPS(’iill i)jaS ]OV(’i iilld t])C :iVol”ii~(:  biii’i S(,IW(”(llI’(’ \\’ilS S(lhtIiiCtd  frO1ll a l l

(rall)m, flat, fict(ts wt’rc crciitd using  I)otll t w i l i g h t  Cxl)osurm  iiflcl c)l)jc:ct fritlnm.  WC fou~id

tliat t w i l i g h t  flats workc(l I)est for t}ie  1] aIId V CXl)OSIIrCS, Ivl Ii lC ol)j(wt, flats wc)rkd WC] ]

for // aIi(l / sitiw fhosr filters a l l o w e d  s[lfJicic])t  sky  cou]lts !o accl]]]]ulatc during  ol)ject

(: XI) OS[l I’(’S. ‘1’llc flattel)il]g f o r  ttlc ltO1)-]J})c)tc~Ill(:tric IIIJI is IIotjical)l} l)ad cll]c t,o tl]c rap;d]y

clliillgi~)~ sky coll(lit,ioris  dl~ri~lg t,l]c oljserva,t,  ions. Aftcl flat(cllil~g, tlIc frall~cs were corrcxtd

loati airlt)[issof mm, aJ)d tl)cl]  tjllrfriill)mfor  cac]l  grou])  wf’r(’cotiddd in cacll  f i l t e r ,  using

St;llS  to dd(>lJllill(}  t,]l{~ ofrds.

3 . AI Idysis

Si])cr tllo  galtixies  ill 11(!(;s arc l)otlI vf>ry l)rigl]tj ((:.g., 28(XI of 11(;G  elli])licals liavc

a.lm)lltt(’  lllli)i~tositim  gre~itcr  tl)an  t]]at o f  M87  [M CII(l(IS dc oliv(:ira &  IIicksoll 1!)9]])  and

~J(~ly, ~]ose {,og(~(,]l(~l  011 1,]](:  sky, 0 1l ]%  t,]l(, VCIy ])rig]lt,~~s(, djfrllsr f(~ai,llres  cali ])c SCC]l i)i ii]l

Ijlliiltmd ill]iigc. 1]] itdditiol), O]]C cal!  h IIiislcd  il]to  Illistakillg  i II( ovmlap])iltg  isopliotm of

galaxi(w  for tfrul,y difr~ls~ lig;ht i]i tllie groul)  pot(lltiii]. b’or tlIcsc rcasolts, wc liave attcml)tld

to sul)tlr:ict  ~)fr tllic liglit  of tlllc l)riglltcstl  early-t j~’ l )c  galaxim ill a l l  of tllc grou]m wc IIave

illlagml.  lh,c;ius(~ tlic galaxicx often  o v e r l a p ,  tltis has ]cquircd a IIlor(’ subtle a])])  roacl] tha]l

sin~})l-y fitti]ig rlli])s(w (1OWII  to tl)c hackgrouli(l  lev(~]  :IIJd slll)tractilig a w a y  tile rm[lltilig

galaxy 1110( 1( ’1.

‘IIIIC a])l)roacl)  t,llat, wc cl)os(’ was to usc  ii IIlodifiratioll of tll(’ el l ipse f i t t ing l)rogralli

o f  .Idrm’jewski (1 9 8 7 )  OII tlJC COM of  the  hri~llt, carl~-t.ype  galaxim ili tl]c groLII), wlicrc

wc col~sidcr  t)l)c mm to 1x: tllc mitral p a r t  o f  il galaxy tllatj is ])liotolll{:tjrically”  llllafr(\ctd

l)y l]ciirl)y  galaxies, Slirlls, ct, c. i n  ])ractice, tliis mcallt tl]atl wr sto})])cd  tile clli])sr fittlillg

ii S

or

C1OSC its ]mssil)lc  to twit-c t,l~e l)tickgroul]d  lmwl, I)ui lmfolc t,llc cl]i])ticity, elli]mc  c.c])t(~r,

I)ositioli  iill~lC  st)artml (Irift,ilig SyStCIllatiCiilly  frolll tllc c.(:llt,riil values.  We fixd tli[:
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]JaraIIIetcrs o f  1,])( ol]l,cr]]lost  fit, ((d dli])sc allcl rxt,I al)t)lal,cd  1,]1[’ sllrfacc l.)rigllt,llcss ])rofilc

1/4 l a w  aIIcl cr(xitcd a lIIodcl  g a l a x y  usil)g  hot]) t})c(IOWII 1,() t,l Ic sky lrv(~l ass(lll)illg  aII 7

fitltd core aIId tll(: Cxtral)olatr(l ellvclol)c. ‘J’al)le 3 lisls tllc I)rol)ertimi  o f  t,llc galaxicx that

wo IIlo(lellr(l, illcllldillg tl]eir rffectlive  radii an(i surfac[,  l~riglltllcssrs fro]ll,  all{] ‘1’able 4 lists

tllc ])arall)ct,(’rs  of t,llc ollt(’rlllost fitjtd elli~mc for t,llmt’ galaxim.

‘111}(’  IIlo(lel galaxi(s tl)us crcatd arc sul)t I a c t e d  f r o m  tf}le ill)agc of t,]lc group.  ‘1’hc

})rocc(l(lr( i s  first a})}) lic(l to tllc l)riglltest (xIrly-ty})e  }~;alaxy  i]) t 11(. groII}),  l,]ICII  from t,]lis

sul~tract,  m] illlagr, a n]odcl  is fit (,0 tfhc llcxt, b r i g h t e s t  cllipt, ical, a]ld so oil. ‘J’l)c V ilnagcs

wore tl)c first to I)(J ])roccssc(l  i]) tl)is fasl]iol). If tlllc g]ou])  was  illlagd in otl)cr fillmrs, t,lImc

illt:ig(~s wcrr ])roccss(xl  slll)s(cllt(l)tl,y,  lnaking sIIr(~ tl)at, tl)c (Jlli})tici[y, (~lli])sc co)t(:r, and

])osit,ioll  arlglc  o f  tlltc ol]t,mlnostj  fitftd ellipse w(’le llrarly tllc sa?llc  i]l a l l  fi]~CIS.

‘1’l)is ])roc(d[lrc II)akcs  s(:vera] silll])lifying  assllln])liolls  al~ol]t tllc slrllctllrc o f  Carl.y-ty])e

galaxi(s. l’irsl, it is Iiot s t r i c t ly  t rue  that a]l Illldistllr]>c(l  ~;alaxy ]Ie(xl IIavc i d e n t i c a l l y

sl]a})e{l  al)(l ])ositiolld clli})t, ical iso])llotcs froll) tl)c core out, to tll( s k y  ICVC1. Our analysis

l)ro((xlIIrc  fillcls ally (Imiatiolls frolll  {llil)ticity ill bot]l LIIe core alId t’lIvclol)C, as wdl  a s

(l(~viatliolls fro]n c(u)cc])tric (~lli]wx a]](l a]] r 1/’1 ]aw i]) t,l](, CIIVCI()])(’. Oftrll, tllcwe features

ill~l)l.y tfl~atf a  galaxy has ull(lergo IIc a  earlier lncrgcr or il~tcractioll, I)ut not ill CVCI.Y Case

is lllis tlruc (for cxalnplc, lligllly  lulnillolls Cllil)ticals  tmId to lIavc  outer eIIvclo~)m tl~at arc

I)riglltlrr  t)l}m) tllI(’ l)rdictiolls o f  all r 1/4 l a w  [Scllolllbcrt 1!)87])  and so t)]}{: dmiatimls found

lnust IW illtcvl~rdd wit)l~ rmtrailltj. SCcoI)d, wc do not try to IIIodcl  tile disks ill S0 galaxim,

so oIIl,y tfllcir l)ulgcs  are wc’11-sl]l~tracte(l. ‘1’hir(l, tllc llIud[’ls arr scllsitivc at large  radii  to tile

(lrt~:rl~li~~a.t,ioll  of tile I)ackgroulld  Ic:vc1.  lhd flattmill{’, o] difl”use light mtm]diI~g  t h r o u g h o u t

d] tl)~ fra])lm  of a groII}) wc)uld IIlake  tile outer l)arts of tl~e II IOdClS for that groul)  illmrrt:ct.

IIowcvcr, tl]is l a s t  COIICmI i s  l)rol)at)ly  of IIlillor  iIn})ortla71cc  sillcc flattw}ing crmrs arc

()])vious  ill ltlosaice(l  il)]agm,  aII(l tllr illlages cxteIld w(’11 l)(:yoII(l  tll(’ la(lills  o f  tlI(~ groLI~).



III [Jrdcr 1,() exa]l)i]]r tlllc co lor  stlructllrc of tlIc g a l a x i e s  aIld di(f’usc Iigllt ill 11(;(;s, wc

])rrforIIId g r i d  ])llotollletlry  oll tllle ])llot,omctri(:  imag(s. Grid ]Jllolollld,ry  is tllc crcatiol]

of aII i]]lag(, tlIat lIas ])ixcl v a l u e s  tlIat corres])ond  to c o l o r s , rather tllal]  i]lte]lsitics as ill

a  r a w  (;(;1) iIllagc (SW Sclloltlht)) Wallill, &t Shuck Marccll 1 9 9 0 ) .  III odcr to ducc

]Jix(’1-to-])ixel  lloisr aIId to allow t,ruc color stfrllcture  to he sccw easi ly,  sevcra]  ])rocmsillg

ste])s  lnust, Iw t,akcII to collvcrtj  ])llotollletric  ilnagcs ill two difrcI~~llt, f i t ters to a single  c o l o r

Ills]). olIce t w o  illlagm  arc registered to a COl IIITIOII origiIl, thC~ ~J’[’ SJ1100thC(]  and t)ill JICd

t o  ])ro(luw 2.(] ‘2.21’  ])ixrls a]ld a 4 “ w i d e  (I JW1l  M) point, sl)rcad  fullr.tion. ‘J IIIC I)ackgroulld

level i s  slll~tractc(l  fro])) caclI  ilnage ,  stars and I)ac,kgloulld  ga]axics are Inaskd, and oJI]y

])ixels  w i t h  vallles  al)ovc  cl]oscll  ]I]ini]])ll]l) val IIm arc I]SCX1 to c.r(atc ttlc coloJ ilnag(. ‘1’his

[l)i]liJnu]J)  w a s  gcIIcrally M al.mvc tlIc smoothd backgroulldl colI(’s])oll(li Jig” to roughly 29

Illagllitl{J(lcs  pm arcsec~  ill 11, 28.5 Inag arcscc - z in V .  2S mag arcsm- z iJl 1{, al]d 2 7 . 5  Jllag

arcse(’ ‘z ill /. ‘1’ II IIs, for tly])ica] ~;alaxy colors,  the mlsitivity of tllc color ma])s  is lilnitcd hy

tllc 1)111(’ 1’(%])011s(’.

‘1’IIc i]]lag(w crcat(xl I)y 111)( g r i d  ])lIotoI13ctry  ])roc{ss dcscrild al)ovc  could  I)( dis])layd

a s  a  gJ; I,y scal(’  it) tll IC saJlle  IIlallllcr a s  ally (~Cl)  i m a g e ,  hut, doill~  so would Ilot })rovide

c]car illforll~atioll” al)oIIt  l,]Ic actual co]or  va]llcs  aIId s{ r~lct,lJtc. lIIS1 ca(l, wc displ:ly  11]( CO1 O I

illforlllatio]l  as a scrim o f s]iccs i]) e a c h  color. A l)ixtl is plotted if its color is wit}li]] tllc

s]~cci~lcd raIIgc , al}(l tlllc size of each  ra]lgc  is cl IoseII 10 ]]laxi]lli7rc  lmt]l  tlllc total II UIIII)CI  of

])ixcls })lottml  (i.e. , all]~ost every  ])ixel w i l l  ap[mar  i]) OIIe of  tllc l)lotls) alId tlllc i]]forl]latiol]

SIIOWI) almut, tllr co lor  stfructurc  of tile grolJp. ‘1’llcsc co]lst)rai]lts  lead t o  ulIcvcJIly  s])acd

sl i ces ,  wit]] large rallgm  at 11)(’ CXtl JeIIIe  S to ])ick u]) outllyil~g ])ixcls aIId sl[lallcr OIIm IIear tllc

average color of {II(* grou]) galaxies. We inlposcd a IIliIlilnull]  slice sim of 0.10 nlagllitudcs

(2.5 tiJ]]cs tl)r error ill tllc color (Ic:t(’rlllil)atic)ll)  in ol dcr to avoid cxaggcratil)g slnal]  co lor

{Iiflcrell(”m.  Sillcc V -  1{ alId V -  1 s]low lnLlcl I l e s s  stI ucturfi  tllal)  (lots 11- V,  wc slIow f i v e

color” s l i ces  ill 11- V for (~acll groll]), l)ut oIIly tl]rm ])lots  for tlll( r(ddcr co lor .
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4. Resul tS

SolI)c gro{l])s  i]] OIIr saII)plc, ])articular]y t,lIc s})ira]-ric]l  gIoII})s , Sllowd 110 Str(l(-t, {lr(’s

(1])()]]  (1( ’(’]) i]])agi])g  ])ot alrc.ady  m])ortlcd  0 1 1  I>y otlIcr m,s(:a,rcl)(’rs ( e .  g . ,  Zcl)f,  Wilit,lllorcl

&  lx~visoIl 1!){11;  MrIIdcs  d c  oliveira &, IIi(ksoll 1994;  P’asallo & llcttoIli 19!)4).  Sillcc wc

callliot ])rovidc  aIIy IICW illfonl]atiol)  0 1 1  those groups,  wc wi l l  IIeglcct tlIm II aIId re])ort  OIIIJJ

OII lIIIOSC gIoIl])s  11])011  wllicll  our a]lalysis shds IICW l i g h t .

4 . 1 . Discuss ion  o f  lnclivi[lua] Groups

Slll)ilIlages of t,llc IIlost  intermting rcsult,s  of our IIIOdCl sut)tractjioll ])mcc(lures arc

slIow Il i]] l“igl]rcs  1 8. S i n c e  tllc dif~usc light,, WIICII l)rcsmt, is (Iuitc red, tlIc i]]]agcs

slIow Il are  ill tllc r e d d e s t  filter a v a i l a b l e  (1{ or 1 for tlIe  plloto]]~ctfri(  ruIIs,  V for t h e

]Ic)lt-])ltf)lc)l]lt’t]ic  11111).  ,Si]]cw tl]mx~ i]nagm  arc st,retcl]td in o r d e r  to sIIOW fai]]t, fcatllrcs, one

call  s(’C varia(iolls ill tlllc bfickgIOuIId lcvc]  duc  to t)lc madding 0[ ofrsct (;(;1) ilnagcs. Y’or

tllc pllotlol]lrtric i]]lagcs,  tl)csc are s i m p l y  diff’ercncm  in tlIc ]Jixcl-t(~-j)ixcl  varial]ce  froln  tllc

varyi]lg  II UIIII)CI of i]]lagcs  takc]l of  a  givc]l  a]cal nof clla]lgm  ill t IIC ilv(lrit~(’  I)ackgrou[ld

Valll (’. ll’lattlc]lillg  was Il)orc  difficult for tllc lloll-]~llot(}lllctlIic  illlages, so tllcre arc clifrcrc]lccs

ill l)otll  tllc variallcc a]~(l  tlIc a v e r a g e  l)ac.kgrol]lld  lcv(’I.

l“or tlI(~ groIIj)s  i]llagc(t  ill ])l]oto]netric coIiditioIts, };igurrs ] S’ illc]ude  slims t h r o u g h

two Color IIlal)s  for tlIc salnc sl]l)i]]lagc. A  grayscalc  i]]lage  i]) tile 1’ l)a]ld (to tile same  scale

aIId pixrl size)  is itlcllldd with  tl]c c o l o r  m a p s  in or flcr to aid iIl feature idclltificatiol].

‘l’llrougllout,  this ])a]wr, w c  IISC tlic galaxy dmignatiolls o f  IIicksoll ( 19S2,  19!13),  Wllcrc

galaxy a is tllc l~riglltfm+t  galaxy i]] a group,  galaxy L is lIIC SCCOII(l  I)riglltcst, a]]d so o n .  II I

all ifrlagcs, riort}t  is (l]) aII(l cast is to tl](’ left .

our colors call I)c co]l]~)arcd to tjlle galaxy c o l o r s  dctcrl]]i]lc(l ill two I)rcviolls  stlldics:



I I

IIicks(nl,  l<iII(ll, & AuII)an  (19S9 hm-caftm  I l l < A )  aII(l Zc])f,  \$’llitIllorc,  &, l,cvisoII

( 1  991- IIcrcaftcr ZWIJ). ‘J’lIcsc  t w o  st,udics  us(:d cxtillction aIId K corrcctio]ls tha t  diflercd

fro])] oll(’ allotlIcr and frolIl  this aIIdlysis,  tl]us  tlIc tlllte sets of IIullll)trs callllotj  I)( d i r e c t l y

coil I]mrd. III gcll(’ral, IIowcvm, our  colors fro])] surface pllotoIllctl  Iy zirr consist, mlt wit]]

~mt]] ]] I(A aIId ZWI,. ]1’or coIII}EIIjsoII pl]r])os(s, tly])i(  al undistlurlm]  (:lli])ticals lIavc  co]ors

o f  1~- 11 T ().85 1 . 0 0 ,  11- 1/ T= 1.40- 1.60, and 1’--1 =  1.15  I,; H), wl}ile S o s  arr 0 . 0 5

IIlagl]ioudm  l)lllcr  ill /{-- 1~ and 0 . 1 0  magylitudm  blIIm  ill l)-- 1/ aIi(l l/ - 1 ((; rcgg 1 989). l“oI

lmtlI  elli])tica]s  and Sos, tllc lnorc luminous galaxies arc mddcr irt al] colors.

‘1’tlis groul)  consists of two vmy luminous galaxies, a s])ira] a)ld al I rllil)tica] ( g a l a x i e s

(J aI)(I h, l(~s})(~(’tivc’l,y), aIId two fail]t,m s])irals.  N o  diflusc X-rtly  cll~issioll  w a s  found 1).y tl~e

l’S1)(l, l)llt t)lc two l)riglll g a l a x i e s  w e r e  dctcxted. Pf’llcll a II]o(lel galaxy was slll)tractml

frort] h (N(;(~ 5’29), a s]]aq)-dgd sl~dl structure h alne evidmll  (lJig. la). ‘1’llis SIICI1

colll])lctcl~l  surrollllds t)llc g a l a x y ,  but  it is ccl]tmx] 8.<5” (4 k})r) to tllc  cast  of tllc l)rigllt

core of (IIC galaxy. ‘1’IIc dgcs of tile shd] h a v e  all a}eragr s[lrfac(’  l)rigl]tllrss o f  25.1 li

IllagI]itlldm }m square arcsccoll(l. l;vc]l morr proIIliltmt t}tall  ttic slIell,  )Iowcvcr,  is the

I)rigllt  COlIIIIllI cxtc]ldil)g to tl)c llort,ll of tl]c galaxy cole. ltj IIas al) average s(lrface l)riglltl]css

of  24.3 \~ Illagllitludes  pm s q u a r e  arcsecond and colots of B- k“: ( ) .18  and 1~ --- 1= 1 . 5 0 .

‘1’IIc cxtlrmlle]y  hlIIc  )1- 1~ c o l o r  p o i n t s  towar(ls  ulluslial  activit~’  ill this colunl]l, pcr]la])s  a

]Jo]){llatlioIl of ]Ilassive  youIIg stars. l“or galaxy h as a wlIolc, ZM~l, find a }~- 1’ color o f  ( ) . 9 7

aIId a 11- 1 color of  1.19,  typical of m clli])tica].
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iil’c at,ypjc.a] of clli})tical galaxies. 11) v --1, tll(’ IY’(l(lcst plot a])] )cal’s to Snow tll(: Cel)ter

o f  tlt(’ galaxy p lus  t))e  1)1; /?;)1!, Collllllll Jll CJlt, iOll(’(] ahoi~c, wllilc  lII{J l)l~l(~st, s l ice SIIOWS a

structlllre sout,l) of !Illc galax,y tfl]at, has  JICJ clear couJltfrl)aJt it) Citl)cr  IJIC /1- V  f)lots  or tl)c

l]lcJ(lel-slll)tlr:lctJc(l  illlagr.

‘l’llat, tllc color gra(licllt  ill galaxy  1) is aligJl(xl w i t h  tlJlc J1)illor  ilXi S of  tllc galaxy iIl)])lies

t h a t  int)crllal  cxtil]ctio]l is }JriIl)arily  rcs])ollsil)lc. ‘1’llis iJ]tjer])IctatioJl  would iJldicatc that

1]][> g.a]axy is disk-y, aJ)d t]]c sout]]wcst side  i s  J) Ior(I (]istallt  t]lall 1 tl(’ Jlort])(>asl,  si(](  iII)(l

tllcrcforc js JTIOrC rddmtml by jlttcn]al dust a)>sorptic~ll. llowcvcI, tl](’ s{lrfacc briglltll]ess

l)rofil(” o f  tlllis  galaxy  i s  collsjst(:llt,  wit]] a  I){irc cllj])tic;il syst(’JII I)ILIS  a  low-sl/rfa({,-l} rigl)tJicss

sllcl]  (llicksoJl [1993] c l a s s i f i e d  11(; G lol~ as all ]I;l ), \vllicll Jllakcs  this “illc.li  Jlatjio  Il droct’”

argUJIICJlt  difhcult to Iwlicvc. l)mllaps tl~c SIICII itself is dllsty aII(l (Iisklikc aJld i ] lc . l ined ill

th is  ]na]]])cr  to ])roducc the side- k-side ,gadimlt scclI

‘1’li(>  cltaot,ic color ~JattmJl of galaxy h })o;llts t o w a r d s  slar forlllalioll  llavillg  occllrrd

r(’lat, ive]y  rcccllt]y iJl t,llis g a l a x y ,  sirlcc  sollIc rcgiotts  IIavc coloJs c(~l}sistc)}tj witJ] all age of 1

to 2 (:-yrs  (11- v % 0.5  to 0.7 ,  1“- / = ().7 k) ().{)). ‘III(’ V(’1’,v 1’(’(]  }{- v C()]OI’ Of t,]l~  J) UC]CUS

(oIlld l)c dl]c to I)rigl)tl  li]](> elllission ill tlIc V filt,cr ( e .  g . ,  [ ( )  111]), allotllcr sign t,llat t h i s

g a l a x y  lIas l)ceII (Iistlllrl)cd  ill tlhc rercJlt l)ast,. l’;missit)Jl-lillc  })ll(~tolllctl’y  slid Sl)NtrOJllC’tI~,

ilS W(’]1 M f:ll’-illfl’al’d OhSCJ’Vatio JIS, WOU]d ]ICIP CX})]{l  ill t]l(’ hiStol’,y  :llld Stl’UCtlllC’ O f  tlIi S

~iili!xy.

]J) addi!,ioJl  to its uJlus~la]  o])t, ica] j)rol)ert,ics,  ll(~(; ]()~~ is ~t~’]);(ii]  i]) i t s  X-r:iy ])ro})crt,ies:

it i s  over  a. IIlilgllit(ld(’  Ill)(l(:rlllll)illolls  ill ~-rziys for ifs o]~tica] ltli[p;llit  [l{lc if o?lc co~nparcs

it to t,l Ic l)reglllall, ]Iogg,  &7. l{ol.)crts (1992) J,,Y -  J,}{ rcJat,ioll  for cllil)tical galil~ics  (1’ildis  (t

al. ]{)!) h). ‘]’]]c(~tllcl’  ga]iix~  iJl 0111’ lJ(~(; survey  ~l)at i s  ~(jllii]],~ 1111(](’1’llllllillolls i s  galaX~  a

ill Jl(;(: 93, W]IOSC uIIusual  co]or  st, ruct,llrc  and S]IC]l systcJl~ arc d i s c u s s e d  b l o w .



11(; (; 12 cot]tai]ls four  S ( )  g a l a x i e s  dIId a fail}!  sj)ira]. ‘J’)JC J’Sl’(~ ol)srrval, io]l of  t,l]is

W~)~ll) ~(iv~al{’(~  (!xtt’11(~~(1 X-~aY ~IIlissi~Jll, l)~lt it CWNI(I  IIOt IM Imlvml  i n t o  srparak gtIlaxJ~

a]ld difrllsc  co]II]JoIIcIIts  duc t o  tllc co]n})actll(’ss  o f  t,llr groul)  and tlic largr lx)il]t-s])wad

fullc.tio]l  of tll(: 1’S1’(;. WC suljtractd lIlOdclS of g a l a x i e s  a iill(l  1) fro]l] 0111 i]llagm  of tl]is

grou])  al)d foul]d very  faint, difflls(~ l ight  sllrroull(]illg  tll)c l)rigllt(w( gdlaxy  ( g a l a x y  a )  a s

w e l l  as SOIIIC structlIIc iII tlIc suhtract,d galaxies (lJi{<. ‘2a). ‘1’l)c strltctlurc ill galaxy h i s

collsistcl)t wit,ll a l)rigllt d i sk ,  while  tllatl sccll  ill a is II IOrC lllILIslIal. ‘1)11(’ tlllmfold  Syll)mdlry

sce II is c.ol]sisllclltl wit]) a I I ( J I I - z e r o  cocfficicl]t for t,l]c (0s(30) t,(’rll] ill a 1+’ouricr ex])ansion  of

llIC variatiol~  frolII elli])t, icity. ‘J’llis IIoI1-zm)  cocfficimlt,  is  a  rcsIIlt o f  (gg-slIa}Kxl  isol)]]otm

near 1)11[’ CC’IItCr o f  tltis galax,y, wltidl  muld illdicatr tf)](’ ~)rmm)cc’ o f  dust 01 a]] earlier Inmg(’r

CVUIt) (I)clrtim rtl al. 1990). ‘J’IIc diffuse Iigllt  to tlIc east of (I IIas a s~lrfau’  t)ri~l]tr]ms  of 25.6

\/ ]Ilagl]itudes l)rr square arcseco]]d, wl]icll is too faint  to IIIcasuI( accIIrat( C O1 O I S. lIKA

find 11- h’ colors o f  1 . 7 1  and 1 . 7 6  f o r  galaxicx (I and l), rrs}wctivrly Solllcwllat 1’(’(1 for Sos.

‘1’IIc color Illa})s  (l’iF;. !21J) sIIOW a l)Iuc color gradic]ltj  w i t h  incrmsil]g radius  in g a l a x y

(I a]}d,  lmssil)ly,  i]) 1) a s  wCI1 (tllI(W~ aw too few l)ix(’ls tltat ]Ilalie II}) l,IIc i]llage  o f  galaxy l)

t o  (Ietlcrlni]lc  th is  lllla]]ll~igll[)llsly).  III additio]l, tl~m is a wcafi east-t wwest I)luc gradicmt

slll~crilll])osc(l  11])011 tltc radial gradim)tj i]) ~iiliiXy  (1, ilS WC]]  ~S ~ S t  l’oll~  Solltll-t,()-I  l[)rtll  })ILIC

gra(licl)t  ill galaxy 1) ill \/- 1{ tjl)at i s  IIot s(’cll il) /1-  l’. IIotli of t li(’sc s i d e - t j c ) - s i d e  g r a d i e n t s

are a c r o s s  tfl)(’ Il)il)or  ax is  o f  t,llc g a l a x i e s ,  1( ’a(lil)g  OII(L to Iwlicvc that tllcy are due to d u s t

alwor))tlioll  witllill  llllc disks of tl}lcsc S0s. ‘J1]IC al)],oll~,a]]y  I(K1 C()]OI’S of t,l]c ga,laxics  a]l(l t i l e

stroIIg Icsi(lllal stjr[lctfllres  i]] galaxy f] a]x: a(l(litfiollal il]dicatiol]s of tllc l)rcsence o f  d u s t .

IIlfram{ al}d ]Imltlral lIydrogcIl  olmrvatiol]s or tliis gIoIIl)  al(, IINdr[l i]] order t o  clc:tmmine

wll(’tjllrr  tlllis ]]~igllt  1)(, t)l Ie casr.
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4. f .3. 11(.:(: 6.2!

‘]’]Ie two hrigllt  ga]iixics  iII t]lis quartd of e!]i])ticii]  aIId S()  ga]axirs ovcr]a])  sigIlificant]y

(tllcir CCII(CIS arc sqmratcd h-y oIIly 2 9 ”  ( 1  I k])c)  0 1 1  tlI(s ])laIIL of  tllc sky) wllilc  tl]eir

rrcrssiollal velocities dif~cr I)y 800” 1( III s- ]. ‘1’llis gIW(I])  is IIi$llly  IIlltlillous  ill X - r a y s ,  with

cIllissioIl extmdi)lg u]) t o  1.7’ (().36  Mpc) from tl]c ccIIIral  galaxi(~s.  l)cs})it,c  tlIcsc IIillts  that,

this is a likely site of illtwlsc galaxy-galaxy  il]tcract,  ions,  our tlol)-l)llot,oll~(tric  illlagc Ievcals

littllc  o])t)ical cvidcllcc fm ally, cvcII WlICII IIIodcls  of tile two I)rigllt  galaxim are sul)tractd

frolll  tllc illlagc (1’ig.  3 ) .

1)11[, to tllc ovcrla])  of tllc I)rigl]t  galaxies, tlIc ct)llstrllctioll  of IIIodcl galaxies was

rclative],y diflicult. III ordm  to lmst  IIlodd  galax,y h, Llle fail]ter of t IIC t w o ,  wc first made an

initial IIlodel  sul)trac(lioIl  of galaxy 0, tlIcll  IIlo(lcle(l  1) Ilsi)lg tllitt sut)tractrd i]nagc.  ollcc tllc

II 10(1  C1 of giilax,y IJ was sul)t ractlml fronl  tllc orif)inol  illlagc, ~vc IIsc(l that sul)tractcd il~liigc

to III(J(IC1 a])d SIIhtlraCt galaxy (I. ‘1’llis s(’coIId 111()(1(1  (){ (~ w a s  only sligl)tly  dif~(>rcl)t tllaI) tll(’

first, illll)lyil]g t)lat a sillgl(’  iteratio]l w a s  suf]icicllt fol this S,yslj(ltl. ‘1’ltc II Iodcl sul)traction

r e v e a l s  solIJc  diflllsc Iigllt  rollgl  Il,y s,ymlllctlric  a})ollt  g;~lax.y a, wit,]] SOIII[’ cllhanccmcnt ill

tllc dir(ctiol)s of  galaxies l) aII(l r. Galaxy h lIas a  clisky strllctilr( coIlsistcllt wit]] i t s

i(l(,l]tificati(~l)  as ill) SO. ‘ill ICrC arc 110 slIells  or tidal tails visi})le  ill tjllis illlage. Sillc.c  tllc

illia~c was’ tilk(!])  Ull(lrr  IIr)ll-})llt)tolll(:tlic  coll(lit)iolls, wc Ilavc  I1O ill fornlatioll CM] surf am

l)rigl)tl)cssm or colors, lIowcvcr  1 lKA find aII mtrctll(l~’ INI 1~- 1{ (O1OI’ of 2 . 0 0  for galaxy a

aIld a IIlo(lcratcly  ITd color of l;- 1{ =  1 . 7 1  for galax,y 1) (~illii  X,y  (’ lla S a llOI’l Ilal S O  COl Ol:

11- 1{ ~ 1.45.



I
1:)

‘1’]lis groll]j  i s  si]l)ilar to 11(;(; 62 i]) t,l~at it ct)lltaills l)ot,l] diffllsf X-ray clnissiol] a]]d two

ovcrla])}~illg  I)riglltf rarly-t,yl)c ga lax ies .  11 is less rxtr(~]l]c  (Jf)a]l 11( ’(; 62, IIowcver:  g a l a x i e s

a and h arr sq~arat(cd  I)y 7(Y’ (16  I<])c), it contains a  l)rigllt  s])iral  ill a(ldit,ioll  to a  q u a r t e t

of rar].y - tl.yl~e galaxies , a]](l its X-rii. y c]])issiol)  is a factor of .3 s]])allcr  ill radius and over all

order of IIlagllitlldc  less Illlllil)olls  l,llal~ tl]at,  of 11(~({ (i;?.

Sul)tractliol]  of IIlo{lr]s  of  1,11(  t w o  ovcrla])])illp, gal:txies fro]]] a IIoll-])llc)tolll(’tric  i]nagr

o f  tllc groll])  rrvcals soll]e  (Iifrusr  clllissioll ill l,IIc o(lt, skirts of tf]os[> g a l a x i e s ,  I)ut I]ot irl

t,llc group  as a WI1OIC (lJig. 4). Galaxy a (the soutl]]crll g a l a x y )  i s  all SO, wllicll  is appamlt

froln  tlllc ll)odel  sul)tractiml. Mc]~des de olivcira &, 1 I icksoll  ( I !)!) I ) r(:])ort, tl)at galaxy I)

(t,llc IIortllerll g a l a x y )  i s  a]) clliptlical  witl) a stto]lg dllst l a n e , wllicll  likely  ]JrodIlcd its

]Jccllliar rcsid~lals  (tflr (lusty  clli])t, ical NG(I 4278  h a s  a si]nilar r(~si(l[lal  structure ill l’orl)cs

& ‘1’11011)s01)  1992). ‘1’l}c two galaxies l]ave IteaJly  idc]]l ical colors: /1- 1~ =- 1 . 0 1  a])d 0.98 for

( I  aII(l b, rcs])mtivcly (ZW1, ) aJld 1~- 1/ = I.(;:\ for botl)  ( l  I I {  A ) .

11(;(; 9 3  coJlsist4s of a l)rigllt  clli})tical, two t)rigllt  s])irals, slid  a faint S O .  ()]]ly  tllc

c]li])tlical  (galaxy o N(; (; 7550) was well- det(ct,d ill our 1’S1’(1 ol)scJvation; IIO groupwide

X-ray clllissioll  was s(w). (;a]axy o, siJllilar to g a l a x y  l~ill 11(; (; 10, is bet]]  IJlorctfllall all

or(lcr o f  IIlag]litlidr  JIJl(lrrl~llllillc)lls  ill X-rays for i t s  (I})tical  Il]agllitu(lc according to tllc

],,y-],})  l’(’]atiOll  Of ]~1’(’~llliill, ]]Og~, & ]{ Ol)CJ’tS  (]!~$~~).

l’;vcII Iwforc  a  rII(J(l(l  galax,y was suhtractd frolJl tl)c ilnagcs o f  galaxy a ,  i t s  sllclls

w o r e  al)])arcJi(;  IIlodel  sut)tractlioJl  Il]adc  it oasicr to tlacc SOJIIC  of tlIc f(:aturcs (lccp into t h e

g a l a x y  (h’ig. 5a). ‘1111( sli(>lls s{ IrroIIJicl  I)carly tl)rc(’-(]llalt,{ls  of tll( g a l a x y ,  w i t , ] )  t w o  spokm

(’Xt,(’ll(]i  Jl~ tO (fl(!  W(’St,  dll(]  SCJUtil  W(’S[J. ‘1’1](,  w(wt,(r])  sl)oke  ii])}  )(~ii,Is  to cxtclld h galaxy c

(N(~(~  7 5 4 7 ) ,  a I)arml sj)iral. ‘J’]lc ;Ivclage sllJJ’acc  ]) IIg]It,JIcss  of l,]Ic ])rig]ltcsl,  s~)c]] i s  2 6 . 7



average Sulfm!

IIas [0101’s of 1~- V

‘1’))[’  ))- v  all(l 1/- 1  (:0101  II)a])s  r(>vcal  a COIIIJ)](’X  Stl’11(’tlll(’  (Illitc  aty])ical  f o r  ;111

clli~)tical  galax,y (h’ig. 51)), wllicll i s  a]]otllcr silllilarity I)etwccll  lllis g;a]axy al]d galaxy h

of ll(~(; 10. All ovcral]  I)lllc  gradicl)t  fro]]] cast, t o  w[,st, iII 1~- \/ i s  visil)le, l)l]t, i s  less

])ml~lillcllt,  tllall two llllll])y  fcatjllrcs:  a llortherl) l)IIIC area  wllicll  a})})ears  (,() I)c all cxtm)siol)

o f  the wcstm) SIICII s]mke,  a])d a  soutl)crn  rd arm. ‘1’hc sout])crlt  d 111]1]])  lllay  contain

m~)issioll-lillr  gas sil]ce  it is also I)lur  ill V- 1 ([0 I I I] COUICI IIlakc  this area (lis])ro~)c)rtic)llally

I)rigllt  ill tllr V  Imlld). ‘I)IIC 1~- I IIlal) also reveals  a ]cd area o]] tlllc ]Iorthcast,  side of tjllc

galaxy wllicll  is  IIotl scm) in 1)- 1“. ‘1’llc S-sllal)ml  rd rcgioll  i]) tll(’ cor(> of galaxy a n~ay bc

(lIIC (0 illfallil)g dust , silllilar to t Ilat SCCII ill N’(;(; 51 2S ((;cllt,al!r[]s A ) .  ‘1’lic dllst, prolmhly

st,ri})])c(l  froll~ (111(’ (Iisk of galaxy c, IIligllt  lJC too tllill to reveal  i ts  ]Iaturc I.).y alwor])tiol],  but

still st, rol]g  cllol]gl)  to dis])la,,y  rcd(lcllillg cf~(~ct,s ill tllc color II Ia])s.

‘1’l)c sI)cII syst,c]ll  a])]wars  to Iw tllc salllc color as tllc olltcl ])artls o f  galaxy c, which

ill]])lics that i t , t o o ,  i s  co]]]})(wd of II)aterial  stri])pd fro]]] that s])iral  galaxy ratllcr tllall

tllr outlcr ])artls o f  galaxy f~. ‘j]lis is sil)ji]ar to t,hc SII(IIS SCPI] ill tllc SO g a l a x y  NG(; 474

(Scl)[,,]]lwrt  &, Walli,)  1987). ‘111),  t w o  s~,okcs arc bluer than t,lle rest of tl)c s}icl]s, perhaps

indicating tllatj soli]c  s t a r  f(wlnatioll  has occurrd witlllin tlllelt]. SiItcc tile r)ro}m}>lc source of

tllc ll~atcrial  to forll] tllc sI)cIIs atId sl)okm  is :i s])iral  galax~’, s tar  for[natiol] il] dm)se a r e a s

o f  tllc s]tcll  s,ystc]ll  wotil(] ~tot IW 01]1 o f  tl]c qllmtio]]. Silnilar ))roc(sses ]Ila.y he occllrrilig i]]

t)tc sollt)lcrll area w]lic]l ]Ias colors  illdicdtivc of clllissioll-]inr gas (a]ld t]lus  star forlnatio~l):

tllc so~lt,l~w(:st(~lll s])okc  a])~)cars to colll]cct to th is  al (’a i~l tlic 11]()(1(:1-s~lbt,ract{~(l  i m a g e .

l’;lllissioll-li]l(,  ])llotolllctlry  would e luc ida te  tllc proccsscs lla])})(’llill~,  Ilcrc.
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arc silllilar 10 tl)(m’  fou])(] i] I clli])t,; ca]s,  iIIIplyi]Ig  tlIat 111(:  st, a]s  i] I tlIc grou])  potmtial arc all

o](I ])()])IIlat,  ioII, })rIIIiil)s  froIII a  t i d a l l y  disrup(d Carl}’-l,,yl)c galaxy.  As  disc~lssd irl })ildis

( 1!)!15), tll( sillliliilitjy  ill slla])c  I)ctwml)  this diff’[lsc light, a])d tile gr(~l]}~  X-ray Cl])issio]) Ica(]s

OIIC to Iwlicvc t,llat t,ll(’ gr{)ll]) I)ote]l(ia]  e v o l v e s  0]} a tilnmcalc of gl (~atrr tlla]l  N 1 ()[’ years.

11(;(; 97 co]]taills two elli]~ticids,  two s])ira]s,  a]id a fai]lt  S(). It has st,rikillgly  clo]lgat,ml

X-ray co]ltours cxtclldillg frol]l ]Iortl]wcstj  t o  soutlkmsl, wllicll  is  rol]gl)ly  tllc sa]]ie  clirectio]]

alo])g wl)icll  tll(~ fiv(~  (O II I]) OII(TI)l”  g a l a x i e s  arc scattcml. OI)C II)igllt cxl)(:ct,  tl)cll,  that, this

gIoII~) wolll(l IIavc slll)stalltial  optical cvide]lcr of  galaxy-galaxy i]ltcractio]], blltj t,llc i]nagcs

wit]] a Inode]  of tl}c I)riglttmt rlli])ticii] (galaxy w IC 5357) sul~tractld s}]ow no sllclls, t a i l s ,

(Iif[usc  Iigllt),  or otllcr sig]}s of illtuactioll  (1’’ig. 7a) .  ‘1’ltc sligltt  c)vf’rslll)tjr:]ctic}]l sccvl a l o n g

tllc Illirlor  axis of galaxy u i n d i c a t e s  t)llatl tllc iso])llot(~s of this galaxy (classifid as d]] 115

I)y 1 licksoll [1 993]) grow IIIOW clollgiitwl  at large radii. WIIcn  tile sllrfacc I)rigllt]less  ])rofilc

‘j” })rofilc  at radii grcat,crof o i s  rxallli]}e(] 11101(’ closely,  i t  i s  scell  to flatkn  ~CliitiVC  to ii 7’

tlIa  II 1 1“ (7 k]jc), ill~])lying that a. II)OIC I)rmisc classificatio]l of this galaxy ]nay he as a

t,raltsitio]~al  11:/S() ty})( like N(;(; 4914 (see Sandagc k, IIctkc 1994) .  l’mvious studies found

t ]Iat ]1(;(; \)7~/ tlas c o l o r s  o f  }1- V = 0.!)4 (ZWI.) and 1~-- 1/ z 1 . 7 6  ( I  IKA).

‘1111( color” IIIa])s (1’’ig. 71)) also su])])ort tllc pictllm of little rmvllt g a l a x y - g a l a x y

illt(~riictio]~ ill this ~ro[l]). All of LI)C car]y-ty])c  g a l a x i e s  (gala  xi(’s a al)d d, ])IIIs c, t}le  slnal]

S ( )  a t  tjllc 10]) of tllc illlilg(’)  arc red ill tllc cclltcr a]ld l~lut:t’ at tllc (Ylg;cs ill I)otll  11- V a n d

L- ){.  (;illii  Xy c, I)ill’tiillly visiblr a t  tl)(’ Lotto]]l of t h e  i]]lagc, is ill)  Sa and has 110 c l e a r

(’0[01”  glil(ii  Cllt. II) addition to its radial ccJlor gra(limtt, tllc ollt(’r (lIvclo])(:  o f  g a l a x y  a  h a s

illl  (’ii St- to W(>St  1)111(’ ~1’il(li(’llt  in l) Ot,ll ( ’ 0 1 0 1 ’ S . ‘1’llis  glildi~llt  i s  alol)g  tl)(  g a l a x y ’ s  nliI1or  a x i s ,

wllicll  il]]])lim  tjllat i t  is  dlle to cxl, i]lctlio]l within  tliis 1’;/S0. It is i]itlmrsting to  ]lc)tc Ll]at t,l)c



W’(’St  d~[’ o f  &I]aXJ~  (1 JI)at(”]l(x  t]l(:  (W]OI’S  o f  t]](’  ollt,el  d i s k  of ga]ax,y d .  ‘]l]Ii  S Sll~~CSt,  S t]Ia,t

( 1 1 (  ’ 1  ’ ( ’  IIas 1)( ’{’11  a W(’ak  (!xdlallg(’  of s t e l l a r ’  IIlatcrial  fro]]]  galaxj~  d to (/,  Wllic}l  c[)llld  Cxplaill

wl)y tl)c ol]((~r si(~llar l)ol)[lla(io])  ill galaxy  a is  blu(;r t Ilall w h a t  O]IC wollld llorI1lall,y cxr)cct

ill a]) earl,y-t,yljf~  galaxy.

‘1’l)is s]t)all groll])  f)f t)lrwgalaxics w a s  clailllml  to IIavc aTl mtfcllsivc X-ray lla]o arid

s]])all I)aryoll fractio]l I)y MIIlclIat\.y ct al. (19!)  3). fie:tllal.ysis  o f  tllcir l),$l’(; olwervatio]]

(1)1] 1}) foulI(l a  slllall(lla (lillsfc) rtl](\X-ra yclllissicJllal]({ a  larf,cr baryoll  fractiort. F;v(>n

tllo~lgll  Illis groIIIJ i s  not  l)artlicularly  colnpactl tllc blight sl)iral  (NTGC 2 2 7 6 )  ill t,llc grol]])

]Ias a “lmwsllock>’ ]IIorplIology  w}licll i]ldicatcs that, {I;alaxy-galaxy  interactliol~s  may  hc

illl])ortallt,  ill this ~roll]).

l{’()]l)rs & ‘1’IIoIIIsOII (1992) slIowcd t h a t  tlIe b r i g h t  (lli])tical  ~,alaxy  N(; C 2300  ltas

1)(1(11 SII(SIIS  aII(l  aII {Jxt(llsioli to tl}c nortlleas!, alt]loligll  i t  was kllc)wll earlier tlla(, it IIas

solll(~ isol)llot,al” l)(x-~lliaritim  (Nido & IIc]ldcl 1!)89).  Sul~tr;ic.tioll  of a  ]nodc]  fro]]) o u r

lloll-})l]otol~~(~tlic  ill]ago  of N(; C Z300°  ~~v(:als  10llgllly  ~]]e sallle str~lct,llres  foull(l  I)y ]{’OllJCs

&  ‘I’ltolf IsoII ( 1 9 9 2 ) ,  l)u1 tjllc cc)r]cs})c)]l(lcllce  isllot reac t  due to (Ii ffmmlms  bctwcxm illcir

lllo(l(’li llg])lo(t’(l[ll (’s” arl(l oltrs  (1’’ig. 8). ‘J’hcl)ortllcastj cxte]]sio]l and wcst,cr]l  SIICI1 arc v i s i b l e

ill 0111 il]la~c,  I)(lt, 1,11(  Illost ]jro]llil]c]lt fcal, urc i s  a v(ry thick sllcll-like structure rl~t,ircl,y

sllrrollll(lil]g tllr galaxy. ‘1’]lis ring  i s  brigllt,est  to t,llf cast and IIortlllwcst,  al)d a~)}wars

to llavc sil)all  (oll(lt,llsatlic)lls  inside tllcsc I.)rigllt a r e a s . lJI~foltllll;~tely,  sillcc this inlagc i s

ll(jll-l)llotolll(’t)ic”  wc callllot,  qualltjif,y tllc prw~wrties of tile ring  o r  arI. y otj]lcr  structur’cs. IJor

tlhcgalax. y as a Wllol(’, tl)cl{(J3givcs  a cOlOIOf 1~–1’ =- 1 . 0 1  (dc Vallc.oulcmrsct al. 1991).

‘1’l](>s~]l)t,l;~(t,ioll of NG(;2300” d i d  not rcvml a]l~{li~l]sco])tical  m)issio]l  ill tllcs]nall

grOII]) furl]lc(l  I)y i t , N(; (l 2276, ;111(1  10455.
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4.2. Gf2neral IIiscl)ssion

lwt,w(rll  1,11(  l)rmv)ce of difl’lise X-ray mnissioll  ill a gr<)u])  and t,l)c ]) I(YWI)CC of diffuse  o~)tical

fratur(s ill t,llc groul)  or its com]mllmlt,  ga lax ies .  Altl)(}ugl]  tl]c 11(1(~ wit]] tllc llighmt X - r a y

IIil]li)losity (ll(;(~ !14) is ll)c o]Ic grou}) i]] our sa]ll})lc  to l)avc  ])ronli]l(]ltl  difrusc  light  t r a c i n g

111(> grol]l)  ])otl(lltial, till{ grollp  wit,l~ t,lte 1)[’xt fligl]mt, X - r a y  llllllillfu+it}~ (I f(;(; 62) IIas only  a

s])jal]  a]]toutlt  of difJus~~ o])t,ica] light,, II]ainly  col]fi]]cxl to t,llc cllvdo}w of tllr Lriglltmt g r o u p

g a l a x y .  ‘1’11{’  other tllrw groul)s  ill OIIT sa]nplr witl]l dilrus~> X - r a y  ftllissic)ll  liavf’ faint diffllsc

t)])tical  cll]issiol)  pl[ls ])ecllliaritlim  ill tl)e  two bright)  ovmlal)ping galaxim (ll(~(; 68), IIave 1}0

signs  of ally distllrl)allcx’  ill our o])tica]  images  (11(;  (; 9 7 ) ,  01 colltaill .3 single slldl g a l a x y

(N(; (; 2 3 0 0 ,  ill tl~e N(;(l 23(K)  ,qmp).

Silllilar to tllc ])iollm’ril)g  stlldy of ltosc ( 1!)79),  we fil)d very litltl( (Jvidu]ce for d i f f u s e

()])ti(al Iigllt  ill tll]e lm(ctltlial  of  LIIe  g r o u p s) agail)  wit]) tllc g l a r i n g  cxcq)tioli of IICG 9 4 .

0111” I)l){)tf)lt]c’lrli(  ill)agm  illf’ sellsit,iv(:  to surface l)rigl~tnmses  as low as 27.5 V IIlagllitudm

})er s{llliirc  arcseco]l(l, CV(,II I)eforc  sul)tractillg tllc brip,llt early -tjyl)r g a l a x i e s .  ‘J’l)e Cxtmldcxl

Cll)i  SSi Oll t]lat,  V/(’ (lo fll)(l  iS rWS()(’iiit,  d Wit,])  t]}OSC  t)ri~, ]lt, gafla Xi(’S, ratllcr tlllall tlllc groul)  a s

a Wllol(’.

‘1’llcrc flom SCC]]l  to IJe a c o r r e l a t i o n  I)etweell  X-  ray and ol)t ical  ~Jropmtim  wllm]

galaxi(’sj ratlller  t]lall  ell{jirc  grc)u})s, arc exalnilld. ‘J’11(* two galaxi~’s IIotd ill l)l;J~ as IIaving

very low X - r a y  lull]illositi(’s f o r  t,lleir IIigll o~)tical lu]ltirlositim (ll(~(;  IOL al)d }IC(; 93(1)

ar(, tl]r ~)]ll,y Iwo g a l a x i e s  ill our salnl)lc wi th  l)riglltl sl~dl systclns l)lus very  luln}~.y color

St, rllctlll(’s. A l l  tl)rcc of tllme prolmrtim point towamls  tl]cm galaxim Ilavillg  ul]dmgonr

r{’cellt  IIlcrgrrs or illtleract,iol)s  (or bet, ]l). l~abbial)o  k, Scl~w[:itzcr  ( 1 995) IIavt’ also found that

t w o  (’llil)tjicals  with ol)tical fillc  structllrc ill tllcir sall)ple arc X- ray faint. ‘1’1](: correlatio]l

is not  })erf(’et, sillcc N(;(; 2 3 0 0 ”  l)as a SIICII s.ystclll  all{l a ]]o]]])al  X-ra,y  lulllillosit,.y  (W C  ltave
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110 (’0101 ill forll)atioll”  for this galaxy). IIowcvcl , N(JC 2300 differs fron) tl]c ot,llcr two s1lcII

mlaxics ill ll]la~ it i s  1~’ss q)~jj~ally  llll~lillol~s (ll(~G 1 01) aJId 93(1 Ilavc  aldutc lnagnitudcs  o f

Ml;= -22.2 al~d -22.4, rm])cclively, wl~ilr NG(~ 2300 l~as h4}j: -21 .:3), its sIIcII syst,cm  is Inudt

](SS w{ll-(lcfilld,  a])d it is ]}ot a II)(IIIl)(:r  of WI ll(~(;. Al] of  t,l]csc f a c t o r s  ilnl)ly  t,hat N(;(j

2?300” lIlil~  ))ilV(’  a  (~llit(’  diflcrellt illtcractiol] IIistor.y t]lall  11(; (.; 10/) and 93(1.

Si]lcc tlllis allal,ysis  has collcclltlratd 011 ellil)tic.  als and SOS, wc nave I)ot S11OW]I tile lnall.y

s])iral  gafaxim il) t,])csc glollps wjt,ll t i d a l l y  d i s r u p t e d  ilYlllS  all(l ot,l](:l’ signs  of illi,eractioll

tl)at arc SCCJ)  I)ot]l i)] 011] images and tllosr of ]Iicksorl  (1 993). A tltoroug]l  discussion of t,llc

lllor}~llology  of mal]y  11(;(; g a l a x i e s  CaII l)c found  in N4cndcs de oliveira &. IIicksol] ( 1 9 9 4 ) .

olll.y cxtrclll(ly  hlu(’ for tllcjr lul~lillositics,  but also

tlllc Il)orc  COlrlIIlOIl  1)111(  gIa(licl)k.

ltlli])tical g a l a x i e s  ill (Illc firld  arc foul)d to IIavc I)luc  C(JICJI

r a d i u s ,  IIlailll.y due to lnctallicity gradicv]ts  (1’’]anx, IIlillgwortlli,

c1 al .  1 9 9 0 ) .  ‘1’l)is tf,y])c of  gradicllt is sccll  ill II(IG 9 1~~ and t).

gl ~idimlts wit]) illcrcasjllg

& llccklllan 1989, IJdcticr

1 Iowevm,  wc note that)

Il}ost  clli])tlicals  ill t h i s  salllple IIavc a cwrllj~licatld  color ])attcrlls at.y]~ical o f  clli])tica]s

ill tlllr fic]d (Scllollllmtl d a l . 1  993). ‘1’l]is CO1OI  S{ IU( turc ]IItty 1)(’ t,ll(’ result o f  I’Ccc’llt

illtleractiolls wllcrc gas and dust-  rjcll  m a t e r i a l  froln  II(>arl)y  sl)irals falls  into tllc corm of

tf]c  ltlore IIlassivc el]ipt, icals. ‘J’his i s  par t i cu lar ly  salient ill llllclclsijallclillg  11(;(; 93(1, wllicll

a])])arcllt,ly  rolltaills a. w e a k  dllst la)lc  ill its mre. NO]IC of (IIC early-ty~w galaxies ill tl]c

saIII])l(’  arc silllilar  to (Il]c san)I)le  of b]uc  e a r l y - t y ] ) c  g a l a x i e s  follll{l  I)y YJcl)f, Wllitmorc, &

ljeviso~l (1991) ill 11(;(;s, wl]icl] were IIot

collt)aillcd  red radial  gradiclltls  illstcad o f

5. Implicatio]ls

‘1’lIc lack of al]y correlation bctwcm~ tllc ])rcsc]lcc of o])tical signs  of galaxy-galaxy

illtlerdct, io]l all(l tlllr ])rescllcc o f  a  not  intragroll]) Ill(diu]ll  II)ali(’S  a stlraig})t, forwar(l

cxl)lallatio]l o f  tll)c il)tcractioli IIistory  of 11(; (1s difliclllt. wit]) tll(’ Ilot,al)]c  cxcc])tioll  o f



IIC(; 9 4 ,  wl)icl) is cxtrclllc ill I)otll  its o p t i c a l  :iIId X-riiy IJrol,crtics, t,i(lal fcatums all{] s1lc1ls

a])]x:ar  wit]) Cqlia]  frqllm]c,y  ill X-ra,y  l)rigllt  al)d X-] a:y -  (]i II) gIOII])s.  ‘] ’]Ic  OIIl,y  o])tica,]

])ro])(’rl,y  t,l)at  l)rc(lict,s  t,lle l)rcsefic(’  o f  X - r a y  {Jlr)issiol) ap])cars to )W a l o w  spiral  fractiol]

(I}l,fli])g, Voges ,  & IItil)rillp;cr  19!)4; 1’111’;),  bill sillc.c l’cry  fcw 11(!(; clliptica]s arc JIicrgc:r

rclllllallt,s (7,(~j)f,  Wllitlllorc , & Ijcvison 1 991;  IJasal]o  CV ]Icttolli 1 994), L])( X - ray  I>rigllt])css

of cl]i])tica-ricli grolil)s  is IIOtl duc to il}crcascd mcrgcl a c t i v i t y .

Most tl]corirs o f  col]lpact grol]])  for]llatioli and IIistor,y a r c  co]]siructcd to cx})laill tllcir

a])])arm]t  stal)ilit,y  altd,  thus, t)lcir frequm]cy  ill the current qmc]]. IIowcvm, tlllcsc thcorim

call a l s o  I)(J a])l)lid to tllc a})])arcllt  dcmup]illg of Lllcir o])t, ica] aItd X - r a y  l)ro~x:rtics.  1“0?

cxaIII])le, ])iafrrio, (;cllcr, & l{amclla (1 994) s u g g e s t  t)liat col])}mct grou])s  colltil)ually

for]]) a s  slll)u]lits of  rich looser  grou])illgs. ‘1’llis could  ex])laill  wl]y grou])s  w i t h o u t  a n y

(Ictcctal)lc diflusr X-ray clllissiol]  colttail] galaxies t,l]at a}~])car to l)c survivors of sigl)ificalJt

illtleractiolls: t,llose gdaxics colllrl llavc  ulldcrgol]r illteractiolis l)cforc bcillg l)llllcd  illtlo

a rccclltjl. y forlncd  com])act,  groul). I f  tl]c grolII) i s  rcfcntl  c]]ougl~,  t]lcll  l~ot mouglI gas

wollld llavc fallml into tlllc groul)  ])otlclltjia] all(l l)ce]] llcatcd to e< I  0 71 <  f o r  i,l)c grou]) to  bc

detected I),y currmtt  X-raJ~ t(~lmco]m. IIowcvcr,t,llis sccllario (Iocs ]101 cx])laill tllco~)l~ositc

~JIIcl)ol]lelIoll ofa]l X-rtty  - bright group  wit]) fow signs  of dislll]}tjiol]  of tjllcgalaxirs.

IIcrllquistj, K a t z ,  & Wcinbmg (1995) p r o p o s e  t h a t  soll)c ll(~(~s  l)lay ]lot l)C

gravitfatiollal]y  hound, }Jut, sil]l])ly  filalnmtsof galaxitw  sm] e]ld-oll.  Most  of tllc g a l a x i e s

ill SUCII a “ g r o u p ’) would  Iw pl)ysical]y  distant froln  orlc allotltcr, I)utl IIcrllquist ct al .  fi)]d

that tl)cir sill) ulatcxl “grou]n” oftjcll contain a sillglc illtcractillp; pair of galaxies. ‘l’lIcy

cO1lllllclitl tltat, ~wrlla])s s]}ira-ric]l IICGS arc tl)is soltl of false g,rou]), l)utl e l l i p t i c a l - r i c l )

OIICW arc truly gravitatlior)al]y  bound. ‘1’his sccllarjo lvould C~J)liliJJ wily s})iral-ricll groups

oftfm] colltaill g a l a x i e s  wit(ll o])tical tidal fcatum y e t  are liot X-ray I)rigl)t.  11) tl]cir

scl)ell~e, X-ray lull~illous group witt~ no o])tica]  signs  o f  g a l a x y  illtrractioll arc a l s o  r)ot
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glavillatlif)llally  I)oulld,  l)llt  cll(l-o]}  filalncllts t,l)at contain sllock-ll[atrd ]Jri]tlordial g a s  ( K a t z ,

IIcrltquist, & Wci]]l~erg 1  992). ‘1’ljis ]nigl]t. bc a  plausiljle  cx})]a]lat,io]l  for a ,gollp SUC]I a s

fl(~(; !)7 (wlI(:rc tllc cxtcIl(lc(l X - r a y  cl]lissim]  }vould a(tual]y lx c]l)issiolt  a]ol]g  a filalllm]t

SC(’11 llcart.y cll&oll), l)llt, t,]I(’ gas- ric.}1 gmu])  ]](U(;  6’2 is likc]y t o o  X - r a y -  ]Ll]l]il]ous  to h

ex])]aill(’d  ill sllcl) a faslli(jll. Well-rwsolvd and acc.urat  c mcasurelllcllts of tl}lo II)ctallicity of

tllc 1)01,  gas ill coll]])act,  grou])s  w~)uld I)c a  good tes t  of tl]c IIy]jot,])(:sis of sllock-l~catcd  g a s

ill filar]lmltjs produc.i]lg  tjllc X-ray luminosity of groups.

‘1’lic arlswm  to wlty o])ilical fcatums (bcsid(,s tl)c spiral fract,ior])  do JJOt predic t  X- ray

Iurllil]ositly IIlay lir wit]l tl)c Iargrr ellvirorlrncrlt  o f  a  cf]lnpact  gr{Ju]). l’a]ulnbo et al. (1995)

scarcllml  for Ilciglll)ors  of 91 ll(;(; s within a ra(lills  of 1 .O}/- ]  h4])c al)d fourld tl[at IfS(X)  ( 1 6

.groul)s) IIavc Cc)llccrltr:iti{)rls  of  galaxies witlllill 0.5//-1 Mpc o f  tllc groll])  ccllt,crs. ‘J’llcsc

‘(dcrlso (’llvirolllllelltj’” grou])s  illc.]udc (J11 of tllc grou])s  ill our sarll])lc  wi th  d i f fuse  X- ray

clllissiO1~ cxcc])t for 11( ;(; 94. Of tl]c groups t}lat lack dctcxtal)lc difrusc  X-ray clnissior], nov(

iirr irl a dm)se (:llvirollrll(:llt)s.  lf tll]is cllvirorlmellt critcrior] is joillcd wit]) a rcquimnclit t h a t

il)c s])iral  fract,ioll  of a grollp  1)[’ under 50% (overa l l , 40% of 11(1(; s IIlmt, this rcquircmcrlt

[Ilicksorj,  Ki])dl, & llucl~ra  1988)), s i x  of tll~ r(lllaillirlp,  l~irl~ grmlps  llav~ l)~~rl (l~t~~t~(l  wit])

citllcr t}ic lrY),’+’A’/’ A l l - S k y  Surv[:.y (lt.ASS l;l)clillg, Voges>  & IIiillrirlgcr  1 9 9 4 )  o r  dcr])

1’S1’(! olm’rvatiolls. ‘1’l~r tllrcc rmllailiil]g  groups  h a v e  l]ot  l]ad dcq) X - r a y  olxmwations

])crforllld. of tllc ot,ller 82 gmlll)s, orlly 11(;(; 94 IIas a c l ear  ddcction o f  d i f f u s e  X - r a y

clllissiorl, wl~ilc tllrec ot,llcrs  IIavc lmcrl dctcctd t)y tllc llASS ar)d two IIavc ur~rcsolvcd

l’Sl’(~ (Ictcctio]ls (ol]ly  or]c of wllicll  was scml ir] tl]c I {  ASS) .

(;lcarl.y,  a dfv)so mlvirollrncllt secr]]s to IN as goocl of a I)mliclor of dctcc.tfa})lc  group

X-ray gas as a low spiral fraction. As  ]~]igl)t IJC cxpm td, tl~c larger crlvironmcrlt,  is IIot a

goo(l ])rdictlor of tile })rcsmlcc  of o])tic.a]ly  dist urbd galaxies, sir]cc  il]tcractjiolls wit]) IIcarl).y

ga lax ies  or  a  dcrlsc  irlt,ragrolll)  Illediurn  are rcxluird to alter tlI(’ stla])(” or stdlar po])ulatiorj
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of ii galaxy. ‘1’l]c illll)licatioll  is tjllat X-ray lulninositjy  IS an illdicatc)r of large-scale featllrrs

(N 500 I{],c)  b,~t o,,tica] tidal features arc a~, i])dicator of small-scale (~ 2(I k],c) i,,tcractio,ls

o]lly.  l)cc]) X-ra,y  olxwrvat, ions of tl)e  tl]rm “(](311S(:  cllvirollnl(’llt”  , cllil)tic.al- ric.11 11(; (;s (l I(; G

6 0 ,  65, and 8(;) wollld 1(’s1 this IIy])otllcsis, as  would IIlorc  X-raJ ol)scrvatiol)s of all ty])es  o f

cmll])ad  grou])s.

‘1’])is Il]at,(’ria] is I)asc(l (Il)O]l w o r k  s(tj)~)ortd lllt(lcr  a Nat,io]ta] $lcic]]cc  IJou]jdatioll

(;]ii(ll]i~tf> IJcllowslli})  il])(l N A S A  grants NA(;YW2135 a]id NA(;~)- 1955.  ‘1’l]is rmearcll IIM

I l l s . d c  (Isc of tll(~ NASA/  ll)A(; l~;xtragalact,ic  ])atabasc (Nlll)) wllicll  is o])cratd I)y t,llc ,Ict,
.,

()

l’rol)lllsiol] l,iil)()]iit,()r~,  (;alte;ll) Ilnder  co]ltract,  w i t h  tl~e Natiol)al Ac~rol]al]tics  al)d S])aCC

Acllllillis(latioll. ,,/
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P’ig. 2.- II(;G 12. ‘1’l]c illlagcs am 4 . 1 ’ x  4 . 4 ’  (().35  x ().38 M])c); IIortl] is  u]) a]~d cast i s

t o  tlllc l e f t ) .  (~altixy o is tllc l)riglit galax~~ nm LIIC cclltcr of tjllc illlagc, galaxy L is dircc.tly

]Iortl)  of  a ,  galaxies c slid d arc s l ight ly  to tjllc cast of {J a])d b, all(] galaxy ( is to the west

o f  a. (a)  1{-halld  illlagc wit)]) g a l a x i e s  a  and b sllbtractd. (l)) IL 1’ and \~- ff’ c o l o r  lna])s.

SW cal)tliolt to Fig.  1 l).

l“ig. 3 . \/.]J;iIld il~,~g~ of ]](~(; (j~ wit,]] ga]:lxifs  ([ and 1) Slll)t,)’i\(to(l.  ‘III(’  ill)agr  i s  4 . 7 ’  X

4.7’ ((). I 1 x 0.11 M])c); IIort,ll is II]) and cast is 10 tllc lrit. (;alax~ a is all S0 to tllc illlmcdiat,c

IJort]lwcst 01 tjl]c l)rigllt  clli])tical  galaxy a, and g a l a x y  c is cast, of galiixim (I and 1).

Fig. 4 . Mc){l(l-sIIl)tr~Ictc(l  V-l)a])d  ilnagc of g a l a x i e s  f{ aJ]d l) of 11(;(; 68.  ‘1’1][ illlagc is  4 .1’

x 4 .1’  ( ( ) . ( )58 x 0.058 hl})c); IIortlI is u]) aIId cast, is t{) the left. (Jalax,y  a is soutl)  of galaxy

II. l$lattcllill,g  rrrors ill this IIoll-])llotc)lll(’t,ric” illlage  ar( clcarl.y visil)lc.

l:ig. 5. ]](;(; !~;], galaxim a dJId c (oII]y ])artia]]y  s])OW]I). ‘1’llc iJ~lages are 6.3’ x 6.4’ (0.18

x  ().1!) h4])c); ]Iortl I i s  u}) a]i(l cast, i s  to t,lic lfft. ( a )  I-l)al]d illlagc with a I] Iodd of galaxy

{1, slll)t, ract,ml.  Not(s tl)r t w o  sl)okm  ill tllc s]](1I systcl]], o]lc of wllicl] ])oillts  west  towards

galaxy c, a I)arrd s p i r a l .  (1)) 11- \/ a n d  1~- I color ]IlalM. Scc caption to F’ig. 1 b. Note that

tllc sl)okcs arc I)](Ic ill ])ot,ll colors, but that tllc contrast i s  strollg(I  ill 1~- k’”
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Fig. (i. 11(1(: 9 4 .  ‘1’1)(’ illlag(’s  arc 3.9’ X  4 . 4 ’  (().28  K ().:)2 h4])c);  l]ol’t]l iS u]) a]]d (’aSt, iS

10 tl)c left .  (;alaxy {] is at tl)c cmltlcrof tlllc illlagc, g a l a x y  I) is Soutl)wcstl of a, a]]d tllc five

ot)l)cr g a l a x i e s  i]l tlIc grol][) (follr of wl]icll a])])car  ill this i]]lage)  cxtcIId to tlIr IloIt,l IcasL o f

a. ( a )  1{-ba]ld  ilnagcwitl]l  galaxicsa  allcl l~sul)tlactc(l. ‘1’llis  F, IO(I])  COlltlaills  t]){’ I>riglltcst

diflusc liglltl al]d tl]c ol]l.y diflus(~ l i g h t  tllatj al~l)ears scparat,  c fro]]] tile il)dividllal  g a l a x i e s .

(1,) 11--l/  all{l\/- cc,lc,*llla]JsJs.  Sceca]JticJ*,tIJ17ig.11). ‘1’IIc diflusc  light has 110  stjro]lg

color graclie]ltls.

l>ig. 7. 11(;(; 97. ‘111](’illl:lgcsar(’5.()’ x  4 .7 ’  (().19  x ().1S hl])c); IIortlI is up aIId cast is to

tllle left, ‘1’lIr I)rigl}tcstl  galaxy i s  a; tllc galaxies to its illllnc(liatc southwest and IIortllwcstj

arc d mid {, res]wctively. (;alaxy c i s  at tll]o l)ottoll] of tllc i]]lagc. (a) lt-l>allclilllagewitll

galaxy a sul)t,ract,ul. Nocliff[ls(li gl]tisvisil)l(. (1)) IJ -  VaIId W f{colorjllaps. Skw caption

to l~ig. 11). ‘1’llcoutm ellvclo]mof galaxim a and d a])}) car tollavi color gradicllts.

l“ig. 8. V-l)aII(l  galaxj~-slll)tract(cl  i]])agcof N(; ( ; 2:{[)0.  ‘J’IIc illlaf,(:is 5 .7 ’  X  4 .5 ’  (0.069 X

( ) . ( ) 5 5  M])c); ]IortlI  is III) aII(l cast, i s  to tile lcfl ]“lat,t,(l]i]lg errors (Illc to cirrusy co]]ditio]ls

(Iuritlg  ill~agillg arc clcarl.y  visil)l(~.
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11(;(; 2

11(:(; 4

11(:(: 10

11(:(: 12

11(:(; 62

11(:(: 68

11(:(: 7{)

11(!(; 92

11(:(; 93

11(:(; 94

11(:(; 97

NM)()  grou])

-.

0.0144

0.0280”

().()161

0.()’1s5

0,0137

0.0080

0.0145

().():/15

().() I 68

0.04 I 7

0.0218

0.0070

86.:]

1 (iS

~)(i.~

29 I

82.1

48.0

S(i. !)

12!)

101

250

13]

42.0

3

3

4

,r)

4

,r)

4

4

4

7

5

3

1.00

0.33

0.75

0.25

0.00

0.20

0.25

0.75

0.50

0.14

0.40

0.33

Note. (k)lullll] 2  i s  tllc IIlcdiall  rdsllifl of cacll  groul)  al]d column 4  i s  tl)c nu]nbcr

of galaxim in eac]l  groll])  wit,ll accordant)  rds)lifts. l]otl) arc fl[)lll(itllcrIIicksc)l~ (1993) or

h4111cll;i(y(t:il. ( 1 9 9 3 ) .  (;(Jllllllll 5istllcsl JilalfIa cti()l)as(l (t(llllille(lilll  'il(lis[:tal.( l!)! )5).
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(;alaxy

11(:(: 10/)

11(:(;  12(/

11(:(: 12/)

11(:(;  62( I

11(:(: 621)

11(:(; 68(/

11( ’(: 681)

11(:(:  9:;(/

11(:(: !)4(/

11(:(: 94/)

11(:(: !)7{/

N(; (: ‘2.:100

(i.47

~$)]

{].~()

3 .6s

2.77

4.(il

().83”

17.6

(i. 33

4.:32

5.8s

4.04

21.1

2?0.6

~~.~

a. . .

a. . .

a. . .

a. . .

23. ( )

20.5

2?().6

2?1 .()

a. . .

(1.1’/

0.:1:)

().3(i

0.14

0.2!)

().5(;

().18

0.11

().19

().()5

().24

().18

Note. (~olIIII~II 2 i s  tlIc’ fittil~g radills  ill k])r, COl II II III :3 is tl)t’ surface }Jriglltll{ss i]] V

2 ;,1, t,],~t, Ia( Ills)
]Ila~]]illl](lfY+  ar(su. 1“ a]ld COIIIIIIIIS 4 aII(l 5 al(, tjlItJ clli])ti  city al]d ]) Ositfi Oll

illl~,l(’  of (Jll( (itlml  (lli])sc al tll:ltl ra(lius.
“l’tle ]Ioll-l)ll(jto]l](t,]ic”  d a t a  do ]tot, l]ave]neasurd  sllrfact’  hriglltllmm.

l’ll(;(; (ishllasa stIx)I1g dust, la]letl~at ]I]akesf ittil]g)cl li])s(stoit diflic.u]t.


